Egr-1 is a murine zinc finger encoding cDNA whose expression is modulated by a variety of ligand-receptor interactions and is often coregulated with c-fos (1). This study reports the isolation of a mouse Egr-1 genomic clone, its intron-exon structure, and 935 bp of 5' flanking sequence. The gene spans about 3.8 kb and consists of 2 exons and one 700 bp intron. SI nuclease protection and primer extension analysis were used to define the transcription initiation site. "TATA" and "CCAAT" sequences were located at nucleotides -26 and -337 respectively. In addition, there exist five elements whose sequence is nearly identical to the inner core 10 nucleotide region (CCATATTAGG) of the c-fos serum response element, four Spl consensus sequences, two API target sequence analogs, and two potential cAMP response elements. These results will ultimately lead to a detailed definition of the intracellular events regulating Egr-1 expression.
INTRODUCTION
Egr-1 is a recently identified (2) early growth response gene that is rapidly induced in diverse cell types (fibroblasts, epithelial cells and lymphocytes) following mitogenic stimulation. Egr-1 mRNA also increases dramatically during cardiac and neural cell differentation, and following membrane depolarization both in vitro and vivo (1). This expression pattern along with the fact that the Egr-1 cDNA sequence predicts a protein with three zinc fingers suggests that Egr-1 may function in a more general role as a nuclear intermediary in signal transduction, as has also been postulated for c-fos (3-5),c-jun (6) and related genes (7).
Even though Egr-1 and c-fos are structurally unrelated, they are often coregulated in a strikingly similar manner. These data suggest that both Egr-1 and c-fos are likely to share cis-acting 5' regulatory elements. To further explore this relationship and as a first step towards our long term goal of defining in detail the intracellular events that modulate Egr-1 expression, we have sequenced about 1 kb of 5' flanking region of the mouse Egr-1 gene. In addition, we have defined its intron-exon structure in order to ultimately compare its genomic organization to that of other Egr (early growth factor responsive) genes (manuscript in preparation), whose finger domains have been found to be nearly identical to those of Egr-1 but are otherwise structurally different.
MATERIALS AND METHODS Genomic Library Construction and Isolation/Analysis of Mouse Egr-1 Genomic Clone
Balb/c 3T3 liver DNA was used for construction of a XFix genomic library by a partial fill-in cloning method (8) . 10 unamplified clones in E. coli. strain JC7623 (rec B, rec C, sbc B) (9) were screened with a 32 P-labeled mouse Egr-1 plasmid OC 3.1 (1) containing a full length 3.1 kb cDNA insert. Membranes (GeneScreenPlus, NEN) were hybridized for 16 hours at 65°C in 1% SDS, 10% dextran sulfate and 1 M NaCl. The filters were washed to a final stringency of 65°C in 0.2 x SSC. Autoradiographs were prepared by exposing the filters for 18 hours at -70°C with an intensifying screen. A single clone (mgEgr-1.1) was obtained which also hybridized to the extreme 5' 120 bp EcoRI -Apal fragment from plasmid OC 3.1. Southern Blot Analysis 1 fjq of DNA from clone mgEgr-1.1 and 10 fiq of genomic Balb/c 3T3 liver DNA were digested with various restriction enzymes, electrophoresed and blotted onto GeneScreenPlus (NEN) paper. These blots were hybridized at 65°C to a 32 P-labeled 3.1 kb Egr-1 insert (derived from OC 3.1) using 50 x 10 s cpm for the genomic blot and 5 x 10 6 cpm for the clone blot. The pre-hybridization, hybridization and washing conditions used were as described above for the genomic library screening. DNA Sequencing A 2.4 kb PvuII -Pvull fragment and a 6.6 kb Xbal -Xbal fragment (see Figure 2 ) derived from mgEgr-1.1 were subcloned into the Smal and Xbal sites of pUC13 and pUC18 respectively, and the resulting plasmids were denoted as p2.4 and p6.6. These plasmids were sequenced using the chain-termination method (10) Figure  4 ) was isolated, phosphatased and labeled with 100 yd 32 P-y-ATP (11) . It was then annealed to 10 //g of total RNA (described above in the primer extension section) at 85-95°C for 10 minutes, and hybridized for 18 hours in a volume of 30//1 at 60-62°C in the presence of formamide, 0.4 M NaCl, 0.05 M PIPES and 0.83 mM EDTA. Hybrids were treated with 1 U//I/1 SI nuclease for 1.5 hours at 37°C in a final volume of 300^/1. The reaction products were then extracted with phenol/chloroform and precipitated prior to analysis by electrophoresis as described in the primer extension section.
RESULTS

Isolation of a Mouse Genomic Clone Containing the Egr-1 Gene
Initially, we unsuccessfully screened a total of approximately 1. In particular, a 6.6 kb Xbal -Xbal fragment from mgEgr-1.1, which hybridized to both 5' and 3' fragments of the Egr-1 cDNA, was subcloned into the Xbal site of pUC18. Similarly, a 2.4 kb PvuII -PvuII fragment from mgEgr-1.1 which hybridized to the 5' end of the Egr-1 cDNA, was subcloned into the Smal site of pUC13. Both plasmids were used for mapping and sequence analysis. Gene Organization
To obtain genomic sequence, specific oligonucleotides Figure 3 . In order to map the transcription initiation site, we used both primer extension and SI nuclease analysis. Results of primer extension experiments (Figure 4 , left panel), using a 29-mer whose sequence was derived from a region near the 5' end of the cDNA, indicate that the 5' end of our published cDNA sequence starts 24 nucleotides inside the mRNA. We have chosen as +1 ( Figure 3 ) the position predicted by the most intense band from the oligomer extension data (arrow in Figure 4 , left panel). In addition, the 5' end of the mRNA was also determined by SI nuclease analysis (Figure 4 , right panel). In this experiment, a 482 bp Smal -Smal fragment derived from plasmid p2.4 was end-labeled and hybridized to RNA. The size of the SI nuclease resistant DNA indicated a location for transcription initiation site in agreement with data obtained from the primer extension studies. The two brightest bands seen (arrows in Figure 4 , right panel) in the SI nuclease analysis data correspond to two nucleotides 5' and 3' of the cap site as determined by oligomer extension.
A number of possible regulatory elements were identified in the 5' flanking sequence of mgEgr-1.1 (Table 2) sequences are at position -285, -649, -700 and -719. In addition, we have identified two sequences that might serve as a cAMP response elements (17) (-138 and -631).
DISCUSSION
We have presented the genomic organization and about 1 kb of 5' flanking region sequence of murine Egr-1, a recently identified early growth factor responsive gene. The importance of this gene is that (a) its expression is modulated during diverse biological processes including cell growth, differentation and following cellular depolarization and (b) it itself encodes a putative transcription factor by virtue of its zinc finger structure. These data suggest that Egr-1 may function in the broad role of a nuclear intermediary in signal transduction.
Egr-1 Flanking Sequence
In view of these results, it was of interest to begin to define the intracellular events that regulate Egr-1 expression and to understand the mechanisms by which Egr-1 and c-fos are often coregulated. We have identified several potential regulatory elements in the 5' upstream sequence of Egr-1 with similarities to those found in c-fos. In particular, deletion analysis and DNA footprinting have defined a serum response element (SRE) in c-fos consisting of 22 nucleotides which displays dyad symmetry (13) . A similar sequence has also been found in the Xenopus laevis r-actin gene promoter (18) . Interestingly, the Egr-1 upstream region contains 5 domains of 9-10 nucleotides which are nearly identical to the inner core of these SREs. It is tempting to speculate that the presence of a large number of these elements might account for the 5 to 10 fold greater serum induction of Egr-1 compared to that noted for c-fos (1, 2) . Since the transcriptional response to TPA is mediated (at to -131 to -624 Location and Identification of Potential Regulatory Elements. * The underlined bases in the mouse Egr-1 gene sequence are mismatched from the consensus sequence. + The numbers refer to the nucleotides of the mouse Egr-1 gene as indicated in Figure 3 . least partially) through binding of API (14, 15) , we searched for API binding sites in the 5' flanking region and two such potential elements were found. This finding may be of significance since TPA is a powerful inducer of Egr-1 expression in murine fibroblasts (2) and in embryonal carcinoma cells (data not published). Similarly, the putative cAMP response elements (-138 and -631) may mediate the Egr-1 induction seen in cardiac cells by P-adrenergic agonists (data not shown).
Genomic Organization
TFIIIA is the archetypical Cys 2 -His 2 type of zinc finger motif (19) . Mammalian structures with similar domains have been found recently in the transcription factor Spl (20) , in GLI, a gene amplified in glioblastomas (21) , in the testis -determining factor (TDF) (22) , in a growth regulated gene (Krox-20) (23) as well is in Egr-1/NGFI-A (1,24) . To the best of our knowledge, our study is the first to report on the genomic organization of a mammalian gene which encodes zinc fingers of the Cys 2 -His 2 class. The Egr-1 gene has a surprisingly simple organization: it is composed of 2 exons and one intron. The first exon includes the first 99 amino acids of the deduced protein, while the second includes the rest of protein in which are located the three tandem zinc finger motifs. The TFIIIA gene structure (25) shows that the first six fingers are each separated by introns located at the base of each finger whereas the last three are not. The Egr-1 structure indicates that the fingers are all on one exon with no splice junction located just outside the finger region. Given that these fingers share 50-70% amino acid identity to each other, it is possible that they have evolved through gene duplication and that the introns joining them have subsequently been lost. We have recently identified two other genes which cross hybridize to the finger region of Egr-1 and which are also regulated by mitogenic stimulation (manuscript in preparation). Remarkably, the finger domain sequences are nearly identical to those of Egr-1 whereas the non-finger flanking regions diverge significantly. Thus, it will be of particular interest to define the genomic structure (and regulatory region sequences) of these genes in order to understand their evolutionary relationship.
